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Summary
Background:  Picture  archiving  and  communication  system  (PACS)  are  management
information  systems  used  for  distributing,  viewing  and  archiving  digital  images  by
integrating  different  types  of  modalities  through  communication  networks.  PACS
have  many  advantages  that  can  lead  to  improving  health  care  quality.  PACS  has  been
widely  used  in  hospitals  in  Saudi  Arabia  for  the  past  10  years.  However,  an  extensive
review  of  literature  in  the  ﬁeld  of  PACS,  among  physicians  and  radiologists  in  Saudi
Arabia,  showed  lack  of  local  studies  of  this  costly  and  newly  implemented  tech-
nology.  Therefore,  this  assessment  is  very  important  to  provide  an  insightful  study
of  PACS  in  Saudi  Arabia  to  provide  proper  recommendations  for  the  PACS  projects
implementation  nationwide.
Objectives:  The  objectives  of  this  study  are  to,  ﬁrstly,  assess  the  perceived  beneﬁts
of  PACS  among  physicians  and  radiologists  speciﬁcally  in  quality  of  care,  secondly,
assess  the  perceived  challenges  of  PACS  implementation  and  adoption  inside  and
outside  the  radiology  department,  and  thirdly,  to  compare  between  physicians’  and
radiologists’  perceptions  toward  PACS.
Methods:  A  cross-sectional  descriptive  study  at  three  of  Ministry  of  Health  (MOH)
Hospitals  in  the  Riyadh  region,  Saudi  Arabia.  The  researchers  used  two  separate
surveys  questionnaires,  for  administration  to  the  physicians  and  radiologists  at  the
three  hospitals.  Apart  from  the  questionnaire,  included  is  feedback  as  responses  to
Abbreviations: ICT, information and communication technology; KSA, Kingdom of Saudi Arabia; ID, identiﬁcation; IRB, Institutional
eview Board; MOH, Ministry of Health; PACS, picture archiving and communications system; RTAT, report turnaround time; VRS, voice
ecognition system.
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open-ended  questions.  Content  analysis  was  used  to  analyze  the  feedback  under  two
themes:  beneﬁts  or  challenges.
Results:  The  response  rate  was  46%  (84/183)  physicians  and  88%  (15/17)  radiologists
have  participated  in  this  study.  The  result  showed  that  70%  physicians’  views  afﬁrms
that  PACS  improved  physicians’  efﬁciency.  On  the  other  hand,  all  radiologists  who
responded  afﬁrmed  that  PACS  improved  efﬁciency.  For  questions  on  the  ability  to
make  decisions,  69%  of  views  have  afﬁrmed  that  PACS  improved  physician’s  abilities
to  make  decisions  regarding  patient  care.  Using  PACS  has  led  to  a  reduction  in  patients’
length  of  stay  in  hospital  (LOS)  question,  79%  of  total  views  were  positive.  In  contrast,
only  18%  of  physicians  talked  about  PACS  positively  in  summary  views  and  82%  talked
about  the  challenges  of  PACS  whereas  20%  of  radiologists  talked  about  PACS  positively.
Conclusions:  The  results  in  the  present  study  conclude  that  PACS  was  well  perceived
ﬁts  among  physicians  and  radiologists.  However,  radiologists
he  beneﬁts  of  PACS  than  physicians.  The  main  disadvantages
ted  in  difﬁculty  in  ﬁnding  images,  recurrent  downtime  and
dulaziz  University  for  Health  Sciences.  Published  by  Elsevier
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Introduction
The  Ministry  of  Health  in  Saudi  Arabia  established
the Information  and  Communication  Technology
General Department  (ICT)  in  2009  [1].  Its  vision  was
achieving  the  optimal  use  of  Information  and  Com-
munication  Technology  in  the  e-health  domain  in
order to  improve  patient  health  care,  and  realize  it
by creating  ICT  projects  [2].
One of  the  largest  projects  adopted  by  the  MOH
was the  implementation  of  a  picture  archiving  and
communication  system  (PACS).  The  PACS  has  been
implemented  and  functioning  across  the  KSA’s  hos-
pitals (85  Radiology  PACS/RIS,  10  Cardiac  PACS,  and
10 Dental  PACS)  for  the  last  10  years  [3].  Today,  the
PACS has  been  used  at  numerous  hospitals  and  the
Ministry of  Health  plans  to  expand  this  system  into
all hospitals  of  Saudi  Arabia  [2].
ICT  systems  are  in  high  demand  from  the  health
care professionals  worldwide.  In  order  to  make
accurate purchasing  decisions,  it  is  very  important
to know  and  understand  the  beneﬁts  and  chal-
lenges of  this  costly  technology  [4].  Insufﬁcient
information  about  an  ICT  often  makes  the  deci-
sions technology-based  —  rather  than  based  on
real health  need.  Moreover,  the  ICT  developers  do
not provide  assessments  of  their  systems  [4]. As  a
result, it  often  takes  a  long  time  for  the  health
care professionals  to  recognize  the  beneﬁts  of  these
systems  [4,5].
The  implementation  of  a  new  system  always
comes with  challenges  [6]. The  challenges  most  fre-
quently cited  in  the  literature  are  training  issues,
lack of  support,  system  failures,  and  difﬁculty
accessing images  [6—10]  A  transition  to  digital
imaging is not  a  simple  process  [6].  The  users  need
A
a
ro  develop  new  skills  and  make  changes  in  the  work-
ow process  via  training  [11,12].
There  are  many  studies,  which  assessed  the
eneﬁts and  challenges  of  a PACS  in  numerous
ountries, like  Canada,  USA,  UK,  Italy,  Belgium,
rance, Germany,  Austria,  Netherlands,  Denmark,
weden,  South  Korea,  and  Japan  [10].  On  the  other
and,  there  is  a  lack  of  a  local  assessment  studies  of
his newly  implemented  and  costly  technology  sys-
em [10]. This  assessment  study  is  very  beneﬁcial
n that  it  provides  accurate  and  proper  recommen-
ations for  the  PACS  projects’  implementation  and
doption across  Saudi  Arabia.
bjectives
.  To  assess  the  perceived  beneﬁts  of  a PACS  among
physicians and  radiologists,  speciﬁcally  in  the
quality  of patient  care,  such  as:  reducing  wait
time,  access  to  images  and  reporting,  and  the
number  of  patient  transfers.
. To  assess  the  perceived  challenges  of  a  PACS’
implementation  and  adoption  inside  and  outside
of the  Radiology  department.
. To  compare  the  perceptions  of  the  beneﬁts  and
challenges  of  a PACS  of  the  physicians  and  radio-
logists. cross-sectional  descriptive  study  was  conducted
cross three  hospitals,  in  order  to  assess  the
ole of  the  PACS/RIS.  Open-ended  questions  were
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for the  physicians  in  the  three  hospitals  were  183ssessment  of  PACS  at  three  of  MOH  hospitals  in  Riy
dministered  post  PACS  implementation  to  radio-
ogists  and  referring  physicians  to  measure  their
erceived  beneﬁts  and  challenges  of  the  PACS.
tudy setting
he  study  setting  was  Riyadh  region  in  three  hos-
itals: Prince  Salman  Hospital,  Imam  Abdulrahman
l-Faisal Hospital,  and  Al-Yamamah  Hospital.  In  the
ast two  years,  a  PACS  was  implemented  in  four  of
he MOH  hospitals  in  Riyadh,  three  of  them  are  the
arget  in  this  study  project  [3].  The  three  hospitals
ave different  workloads,  workﬂows,  specialties,
nd different  PACS/HIS  vendors.
ampling and study population
 total  of  639  physicians,  including  24  radiologists
re at  the  three  hospitals.  The  sampling  method
sed was  convenient  sampling  of  the  survey  in  three
ites. The  target  population  was  the  physicians  and
adiologists.  Included  was  any  physician  who  would
efer patients  for  diagnostic  imaging.  Physicians
ho normally  would  not  refer  patients  for  diagnos-
ic imaging  (e.g.  psychiatrists)  were  excluded.
The sample  size  was,  in  total,  228  physicians,
ncluding the  radiologists.  The  sample  size  was  cal-
ulated using  Epi  Info7.  The  conﬁdence  level  was
5%. The  population  of  the  three  hospitals  was  639,
ith expected  frequency  about  36%  from  literature
6].
tudy instruments
wo  survey  questionnaires  were  developed  for
he physicians  and  radiologists,  respectively
Appendices  A  and  B).  The  two  sets  of  a  ques-
ionnaires differed  by  a  few  questions,  due  to  the
ifferent  role  of  a  physician  and  a radiologist.
ncluded was  the  opportunity  to  provide  feedback,
s an  open-ended  question,  at  the  end  of  some
uestions.
The physicians’  survey  contained  three  questions
hat included  a  feedback  and  a  summary  feedback
ection.
o
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Table  1  Response  rate  summary.
Site  
King  Salman
Hospital
Alyamama
Hospital
Physicians  83/293  (28%)  51/198  (26%)
Radiologists  10/15  (67%)  3/5  (60%)   region  715
Comment  ‘‘if  efﬁciency  has  improved  because  of
PACS  or  not’’,
‘‘if  PACS  has  improved  ability  to  make
decisions  regarding  patient  care  or  not’’,
‘‘if  PACS  has  led  to  a  reduction  in
patients’  length  of  stay  in  hospital  or  not
and  write  any  other  comments  you  may
have  on  the  PACS  system.’’
The  radiologists’  survey  contained  one  question
bout efﬁciency  that  included  a feedback  and  sum-
ary section.  The  instruction  is  as  below:
‘Comment  on  how  PACS  has  increased  or  decreased
our reporting  and  consultation  efﬁciency  and  write
ny other  comments  you  may  have  on  the  PACS  sys-
em.’’
The open-ended  questions  were  analyzed  using
 method  of  content  analysis  that  determines  the
umber of  times  certain  qualities  appear  in  a writ-
en text.  There  are  four  common  coding  units  in
ontent  analysis:  a  word,  a set  of words,  a  sen-
ence, or a theme  [6]. In  analyzing  the  open-ended
uestion asked  in  this  study,  two  coding  units  were
elated,  words  and  ideas  were  coded  and  classiﬁed
nder a  theme.
Two themes  were  found,  when  we  asked  partici-
ants to  give  feedback  about  the  PACS:  beneﬁts  or
hallenges.  For  example:  access  to  PACS  is  not  avail-
ble at  bedside(1), system  failure  is  unacceptable(2)
nd  portable  X-ray  commonly  lost(3) (a  physician).
he theme  is  challenges  and  it has  a  set  of  words
ount  as  three  challenges  (1,  2  and  3).
esults
esponse rate summary
he  combined  characteristics  of  the  response  rateut of  639  (28%),  while  for  the  radiologists  were
7 out  of  24  (71%)  (Table  1).  In  relation  to  the
ample size,  there  were  200  out  of  228  (87.7%)
espondents.
Total
Imam  Abdulrahman
Alfaisal  Hospital
 49/148  (33%)  183/639  (28%)
4/4  (100%)  17/24  (71%)
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Table  2  Survey  respondents  including  comments.
Survey  Responding  to  survey  Included  feedback  Feedback  (%)
Physicians  183  84  46
Radiologists  17  15  88
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The  sample  error  was  5.5%.
The number  of  feedback  provided  by  the
physicians (84/183)  made  up  46%  of  overall  physi-
cians’ respondents.  The  percentage  of  radiologists
(15/17) providing  feedback  was  higher  than  that  of
the physicians  (88%)  (Table  2).
Physicians’ open  ended  feedback
A summary  of  the  views  expressed  by  the  physi-
cians, categorized  as  either  challenges  or  beneﬁts
of a  PACS.  Given  that  some  physicians  provided
more than  one  view  of  a  PACS  within  the  same  feed-
back,  the  total  number  of  views  is  greater  than  the
total number  of  responses.  The  survey  contained
three questions  that  included  a  feedback  and  one
summary  feedback.  The  total  number  of  views  iden-
tiﬁed within  the  feedback  was  206.
For  the  question  on  the  improvement  of  a physi-
cian’s efﬁciency,  48/69  (70%)  views  afﬁrmed  that  a
PACS has  improved  efﬁciency.  On  the  other  hand,
21/69 (30%)  views,  expressed  it  as  a  challenge.
An example  of  an  open-ended  positive  feedback
on physician’s  efﬁciency:
‘‘PACS  improved  my  efﬁciency  because  of  quickly
getting  the  report.’’
For  negative  efﬁciency,  on  the  overall,  the  par-
ticipants  mentioned  downtime,  lack  of  training,
slow speed  and  different  ID  for  the  same  patient
(difﬁculty to  ﬁnd  an  image).
An example  of  a  negative  feedback:
‘‘PACS is a  time  consuming  system,  sometimes  not
working, I have  to  search  for  ID.’’
For the  question  on  the  ability  to  make  deci-
sions regarding  the  patient  care,  36/52  (69%)  views
afﬁrmed  that  a  PACS  has  improved  the  physician’s
ability to  make  decisions.  On  the  other  hand,  16/52
(31%)  views  expressed  it  as  a  challenge.
An example  of  an  open-ended  feedback  stating
that a  PACS  has  improved  physician’s  ability  to  make
decisions  regarding  patient  care:
‘‘PACS improved  my  ability  to  make  decisions  with
zooming,  contrast  and  brightness’’.
An example  of  a  feedback  expressing  it  as  a chal-
lenge:
b
t
o
b99  50
‘On  the  overall,  still  facing  problems  when  acces-
ing previous  images  because  PACS  makes  things
ore  difﬁcult  and  time  consuming,  as  it  is  running
n an  improper  way’’.
Regarding  the  question,  if  a  PACS  has  led  to  a
eduction  in  patients’  length  of stay  in  a  hospital
LOS), 22/28  (79%)  views  were  positive  and  6/28
21%) were  negative.
An  example  of  a positive  comment  for  LOS:
‘Because the  time  to  write  and  send  the  results  got
educed, the  human  effort  decreased.’’
In contrast,  a negative  feedback  was:
‘I strongly  disagree  that  PACS  reduced  patient  LOS
ecause when  the  system  is  down  there  is  a  delay  in
atient care  and  in  our  hospital  we  are  facing  this
requently’’.
In the  feedback  summary  views,  there  were  only
0/57 (18%)  positive  responses  (beneﬁts)  about  a
ACS and  47/57  (82%)  negative  responses  (chal-
enges).
Examples  of  positive  summary  view  feedback:
‘My impression:  PACS  system  is  good  for  getting  and
haring patient  information.’’
‘‘PACS  system  a  new  form  of  improvement  goes
ith quality  and  it  keeps  all  your  X-Rays  at  hands.’’
Examples  of  negative  feedback:
‘PACS can  be  used  instead  of  using  the  conventional
adiographic ﬁlms  if applied  and  implemented  prop-
rly with  adequate  view  stations  and  availability  of
ystem support.’’
‘‘There  are  many  ﬁle  Nos.  for  the  same  patient,
lso it is  difﬁcult  to  ﬁnd  portable  X-Ray  image  from
ACS.’’
adiologists’  open  ended  feedback
 summary  of  the  views  expressed  by  the  radiolo-
ists, categorized  as  either  challenges  or  beneﬁts
f a  PACS.  Given  that  some  radiologists  provided
ore than  one  view  of  a  PACS  within  the  same  feed-
ack,  the  total  number  of  views  is  greater  than  the
otal number  of  responses.  The  survey  contained
ne question  about  efﬁciency  that  included  a  feed-
ack and  summary  feedback  section.  As  shown  in
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pssessment  of  PACS  at  three  of  MOH  hospitals  in  Riy
his  study,  for  the  ﬁfteen  [15]  radiologists,  who  pro-
ided a  feedback,  there  are  37  views.
22/22  (100%)  views  afﬁrmed  that  a  PACS  has
mproved efﬁciency.
An  example  of  a  positive  view  about  efﬁciency:
‘PACS increased  my  reporting  efﬁciency,  as  I can
se multiple  referral  technique,  adjust  the  setting
o personal  requirements,  use  a  Voice  recognition
ystem (VRS),  it  reduced  reporting  times,  so  I have
ore time  to  report  cases’’.
In contrast,  only  3/15  (20%)  of  the  respondents
eft positive  feedback  about  a  PACS  in  the  summary
iews and  12/15  (80%)  respondents  left  negative
omments about  the  challenges  of  a  PACS.
An example  of  a  positive  view  in  the  summary
eedback:
‘PACS system  is  excellent  and  helps  to  improve
uality of  our  work’’
Generally,  the  challenges  views  mentioned  fre-
uent downtimes,  lack  of  support,  and  a need  for  a
eb-based technology  (tele-radiology).
An example  of  a  negative  participant’s  feedback:
‘Frequent downtimes  and  errors  are  somewhat
rustrating.’’
iscussions
erceived beneﬁts of PACS
egarding  efﬁciency;  57.4%  of  the  physicians  and
8.2% of  the  radiologists  agreed  and  about  70%
iews expressed  that  a  PACS  improved  physician’s
fﬁciency. Although;  in  efﬁciency  opinions  of  the
adiologists  100%  afﬁrmed  that  the  PACS  improved
heir  efﬁciency.  Another  study  showed  that  94.2%
f the  physicians  perceived  that  the  PACS  improved
he efﬁciency  of  the  patient’s  follow-up  process
ecause of  the  availability  of  images  in  multi  loca-
ions, and  easy  consultations  between  different
epartments [13].
On the  question  of  the  ability  to  make  deci-
ions, the  physicians  showed  moderate  agreement.
6.9% of  physicians  and  69%  of  views  afﬁrmed  that
he PACS  improved  physician’s  ability  to  make  deci-
ions regarding  patient  care.  The  Nitrosi  et  al.  study
howed that  a  PACS  has  improved  diagnosis  process
ffectively,  because  the  availability  of  images  and
eports in  multi  locations  allowed  for  a  quick  deci-
ion making  [14]. For  instance,  a  study  done  in  1999
o determine  the  PACS’  beneﬁts  in  various  hospital
epartments  by  interviewing  34  physicians.  It  con-
luded that  the  PACS,  generally,  did  not  affect  the
l
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ecision-making  clinically,  but  fast  access  to  images
as an  obvious  beneﬁt  [15].
Regarding the  question,  if  a  PACS  has  led  to  a
eduction  in  patients’  length  of  stay  in  a hospital
LOS), 50.3%  of  the  physicians  agreed  and  79%  views
ere positive.  In  general,  as  seen  in  a  number  of
tudies, regarding  the  effect  of  a  PACS  on  the  LOS,
here are  two  points  of  view  in  the  literature.  The
rst one  is  that  a PACS  decreases  the  LOS  and  the
ther one  is  that  there  is  no  change  in  the  LOS.
he Nitrosi  et  al.  study  reported  a  decreased  Length
f Stay  (LOS)  by  12%  for  neurology  patients  after  a
ACS implementation  [14]. Watkins  also  concluded
n his  study  that  the  PACS  reduced  LOS  by  25%  for
atients  with  a  total  knee  replacement  procedure,
ut there  was  no  reduction  for  the  total  hip  replace-
ent  patients  [16].  However,  an  Australian  study
id not  ﬁnd  any  reduction  in  the  LOS  [12].  A  reduc-
ion in  the  LOS  was  found  in  the  Hurlen  study:  for
he CT  scan  patients,  the  reduction  was  from  5.3  to
.9 days,  but  there  was  no  observed  reduction  for
ny other  patient  category  [17].
erceived challenges of PACS
ome  physicians’  feedback  showed  insufﬁcient
ACS training  because  they  mentioned  ‘‘no  con-
rol of  contrast  of  image’’  and  ‘‘no  control  of
mage  when  changing  darkness  or  brightness’’;
hile these  features  are  already  available  in  the
ystem. Also;  the  respondents  frequently  left  feed-
ack that  they  would  like  to  have  remote  access;
ome reporting  and  mobile  image.  A  similar  study;
eported  needs  and  opinions  of the  surveyed
adiologists on  enhancing  functionality  of  a PACS.
hematic  analysis  used  four  themes:  (1)  limitations
f traditional  PACS;  (2)  PACS  in  mobile  phones;  (3)
eb-based  solutions  for  a  PACS  (4)  features  and
equirements  that  can  increase  PACS  functionality.
he conclusions  pointed  to  signiﬁcant  future  trends
or PACS;  mainly  web-based  solutions  and  use  in
obile phones  [18].
In our  study,  25.2%  of  the  physicians  and  5.9%
f the  radiologists  agreed  in  regard  to  difﬁcul-
ies ﬁnding  images  (p  =  .002).  Difﬁculties  ﬁnding
mages  may  be  caused  by  duplicate  IDs,  dupli-
ate names,  ambiguous  patient  information,  and
ncomplete  patient  information.  Many  physicians’
eedback  mentioned  ‘‘Many  ﬁle  numbers  for  the
ame patient’’,  which  caused  redundancy  in ﬁle
umbers  and  loss  of  image.  Creating  a  unique
atient registry  would  allow  solving  many  prob-
ems, regarding  a  PACS  or  any  ICT  system;  however,
he MOH,  until  now,  has  not  created  one  yet.  Today,
he same  patient  may  have  an  ER  number,  an  OPD
umber,  and  a  PHC  number.  Additionally,  numerous
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patients  have  multiple  OPD  numbers  because  a
new ﬁle  is  open  every  time  they  come  to  the
hospital.
Regarding downtime,  31.2%  of  the  physicians  and
17.6% of  the  radiologists  agreed  that  the  PACS’
downtime is  higher  than  acceptable.  Both  groups
of the  respondents  reported  unacceptable  down-
time as  a  challenge.  When  this  result  is  compared
with other  studies,  we  found  similar  results.  One
local study  done  at  the  Radiology  department  in  the
King Faisal  Specialist  Hospital  and  Research  Cen-
ter showed  the  perceived  challenges  to  be:  over  a
week a  year  of  troubleshooting  and  over  two  hours  a
week of  downtime  [19].  In  a  Kuwait’s  study  of  opin-
ions regarding  improving  the  current  traditional
PACS, 120  of  the  200  radiologists  in  ﬁve  govern-
mental hospitals  of  Kuwait  have  responded  to  a
questionnaire.  The  study’s  outcome  showed  that
the radiologists’  greatest  concerns  were  over  tech-
nical issues  (91%),  lack  of  training  (85%),  and  costs
(76%) [20].
Limitations
1.  A  low  response  rate  to  the  physicians’  feedback
(46%), compared  to  the  radiologists’  feedback
(88%) was  received  in  this  study.
2. Shortage  of  time  resulted  in  limiting  the  assess-
ment study  to  a  post  PACS  implementation.
Conclusions
The  results  in  the  present  study  strongly  concludes
that PACS  was  well  perceived  due  to  its  numerous
beneﬁts among  physicians  and  radiologists.  How-
ever, radiologists  showed  more  perception  of  the
beneﬁts  of  PACS  than  physicians.  The  main  disad-
vantages  are  that  PACS  has  resulted  in  difﬁculty
in ﬁnding  images,  recurrent  downtime,  and  insuf-
ﬁcient  training.
Recommendations
1.  In  view  of  the  beneﬁts  perceived  by  the
physicians and  radiologists  in  our  study,  we  rec-
ommend  adopting  a  PACS  in  all  health  care
facilities.
2. In  view  of  the  limited  studies  of  a  PACS  in  the
KSA, we  recommend  further  pre  and  post  studies
to identify  the  perceived  beneﬁts  and  challenges
before and  after  implementation  of a  PACS.3. In  view  of  the  feedback  collected  from  the  physi-
cians and  radiologists  in  our  study,  we  highly
recommend adopting  advanced  PACS  to  facili-
tate home  diagnosis  and  mobile  images.
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.  In  view  of the  challenges  perceived  by  the  physi-
cians and  radiologists  in  our  study,  we  have  the
following  recommendations:
.  For  training  issues,  we  recommend  establishing
a complete  on-site  face-to-face  training  pro-
gram, supported  by  internet-based  tools,  such
as GoToMeeting  and  NetMeeting  that  facilitate
distance training,  as  well  as  using  social  media
for training  purposes,  such  as  creating  a  YouTube
channel about  a PACS  to  allow  all  staff  to  get
familiar with  a  PACS  system  and  its  functionality.
. For  the  system  downtime  issues,  we  recom-
mend performing  a  thorough  investigation  of  the
problems  and  solutions  — these  issues  are  very
detrimental to  such  a high  demand  system.
. For  difﬁculties  ﬁnding  images,  we  recommend
constructing  a unique  client-registry  to  avoid
redundancy  in  the  ﬁle  numbers.
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ppendix A. PACS OPINION SURVEY:
EFERRING PHYSICIANS
 am  a graduate  student  at  the  College  of  Medicine,
ing Saud  University,  Riyadh,  Saudi  Arabia,  study-
ng for  a  Master  in  Health  Informatics.  Part  of
y Degree  requirement  is  to  conduct  a  research
roject. In  this  research,  we  will  evaluate  the
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uality  of  a  Picture  Archiving  and  Communication
ystem (PACS)  in  Riyadh’s  hospitals.
As a  user  of  PACS,  your  opinion  on  PACS  would
e greatly  appreciated  in  the  PACS  Opinion  Sur-
ey. The  purpose  of  this  survey  is  to  evaluate
ACS impact  on  image  access,  patient  care,  patient
ransfers,  duplicate  tests,  productivity,  quality,
tc. The  results  should  help  to  develop  a national
iew of  the  state  of  the  diagnostic  imaging  environ-
ent, since  the  implementation  of  PACS.
Your  participation  in  this  survey  is  voluntary;  all
nformation  will  be  kept  conﬁdential, used  just
or this  research.
Your  e-mail  will  be  used  as  code  to  avoid  redun-
ancy in  the  result.
Principal  Investigator:  Zainab  Majed  Alalawi
Co-Supervisor:  Mr.  Monief  Mohamed  Eid
Supervisor:  Prof.  Ahmed  Albarrak
The average  time  to  ﬁnish  this  survey  is  approx-
mately 10—15  minutes.
Your  name  (optional):
Your  email  Please:
PACS  Environment
. Please  select  your  site.
• King  Salman  Hospital
•  Alyamama  Hospital
•  Alimam  Abdulrahman  Alfaisal
• Other,  please  specify,  . . .
. Have  you  had  experience  with  PACS  prior  to  this
implementation  project?
• Yes
•  No.  PACS  experience:
• Less  than  one  year
•  1—3  years
• 4—6  years
8
Strongly
Disagree
M
D
a)  PACS  has  reduced  the  time  I  must  wait  to
review  an  exam/image.
b)  I  access  exams  more  frequently  with  PACS
than  I  did  with  ﬁlm.
c)  I  believe  that  report  turnaround  time  has
improved  since  the  implementation  of  PACS.
d)  I  believe  that  PACS  tools  and  functionality
improve  the  quality  of  the  report.
e)  PACS  has  facilitated  consultation  between
myself,  other  clinicians  and/or  radiologists
at  other  healthcare  locations. region  719
•  More  than  6  years
.  Have  you  had  experience  with  other  hospital
systems like  HIS,  CPOE  (computerized  physician
order entry):
• Yes
•  No
.  Please  specify  your  specialty:
• Cardiology
•  Internal  Medicine
• Obstetrics/Gynecology
•  Pediatrics
•  Thoracic  Surgery
• Emergency  Medicine
•  Nephrology
•  Oncology
•  Surgery
•  Family  Practitioner/General  Practitioner
• Neurology
•  Orthopedics
•  Cardiac  Surgery
• Gastroenterology
•  Neurosurgery
•  Orthopedic  Surgery
•  Vascular  Surgery
•  Other,  please  specify,  .  . .
USAGE AND  BENEFITS
.  Where  do  you  access  the  PACS  system?  (Please
check all  that  apply)
•  Diagnostic  Imaging  Department
• Clinics/Units/Patient  care  ﬂoors  like  Word-
ER. .  .etc.
• Personal  Computer  (IPad—lap  top—smart
phone).
. Do  you  access  PACS  most  frequently  for:  (Please
check one  response)
•  Exams
•  Reports
•  Both
.  Please  indicate  the  extent  to  which  you  agree  or
disagree  with  the  following  statements:  (Please
select  one  response  per  statement)
oderately
isagree
Neutral  Moderately
Agree
Strongly
Agree
Not
Applicable
m1
1
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Please  indicate  the  extent  to  which  you  agree
or disagree  with  the  following  statements.
9.  A)  My  efﬁciency  has  improved  because  of  PACS.
(Please check  one  response)
• Strongly  Disagree
• Moderately  Disagree
•  Neutral
• Moderately  Agree
•  Strongly  Agree
• Not  Applicable
B) Please  comment  on  the  degree  of  agree-
ment/disagreement  with  the  above  statement.
10.  A)  PACS  has  improved  my  ability  to  make  deci-
sions regarding  patient  care.  (Please  check
one response)
• Strongly  Disagree
• Moderately  Disagree
•  Neutral
• Moderately  Agree
•  Strongly  Agree
• Not  Applicable
B) Please  comment  on  the  degree  of  agree-
ment/disagreement  with  the  above  statement.
11.  A)  PACS  has  led  to  a  reduction  in  my  patients’
length of  stay  in  hospital.  (Please  check  one
response)
• Strongly  Disagree
• Moderately  Disagree
•  Neutral
• Moderately  Agree
•  Strongly  Agree 1
Strongly
Disagree
M
D
a)  PACS  meets  your  expectations  for  patient
care  delivery.
b)  PACS  is  improving  the  patient  care  delivery.
c)  PACS  is  improving  patient  satisfaction  and
quality  of  care.
d)  PACS  is  reducing  the  costs  of  care.
e)  PACS  helps  to  share  information  effectively.
f)  PACS  helps  to  reduce  medical  errors.
g)  PACS  improves  overall  quality.Z.M.  Alalawi  et  al.
•  Not  Applicable
B) Please  comment  on  the  degree  of  agree-
ent/disagreement  with  the  above  statement.
2.  A)  PACS  has  reduced  the  number  of  patient
transfers between  facilities  due  to  the  ability
to share  images  and  consult  remotely.  (Please
check one  response)
•  Strongly  Disagree
• Moderately  Disagree
•  Neutral
•  Moderately  Agree
•  Strongly  Agree
• Not  Applicable
3. A)  PACS  has  reduced  the  number  of  exams
reordered because  the  exams  are  not  available
(lost or  located  elsewhere)  when  I need  them.
(Please check  one  response)
• Strongly  Disagree
• Moderately  Disagree
•  Neutral
•  Moderately  Agree
•  Strongly  Agree
• Not  Applicable
4. A)  PACS  has  reduced  the  amount  time  it  takes
me to  access  exams/reports.  (Please  check
one response)
• Strongly  Disagree
• Moderately  Disagree
•  Neutral
•  Moderately  Agree
•  Strongly  Agree
• Not  Applicable
Patient  Care  Delivery
5.  Please  indicate  the  extent  to  which  you  agree
or disagree  with  the  following  statements.
(Please  select  one  response  per  statement)
oderately
isagree
Neutral  Moderately
Agree
Strongly
Agree
Not
Applicable
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6.  Potential  Challenges  of  PACS
A) Please  indicate  the  extent  to  which  you  agree
r disagree  with  the  following  statements.  (Please
elect  one  response  per  statement)
Strongly
Disagree
a)  PACS  produces  inadequate  image  quality  on
the  hospital  workstation.
b)  PACS  functionality  on  the  workstation  in  the
Hospital  is  adequate.
c)  I  have  difﬁculty  ﬁnding  images  when  needed.
d)  I experience  inadequate  workstation
performance  (speed)
e)  I  have  inadequate  access  to  PACS  viewing
stations
(PCs  with  Web  or  workstations).
f)  I  have  difﬁculty  logging  on  to  the  system.
g)  PACS  downtime  is  higher  than  acceptable.
h)  I  experience  a  lack  of  availability  of  system
support.
i)  I  received  insufﬁcient  training  in  the  new
technology.
j)  I  am  unable  to  view  images  at  the  patient’s
bedside.
k)  The  Implementation/Installation  and
transition  from  ﬁlm  was  well  managed.
SUMMARY  AND  COMMENTS
7.  Please  use  this  space  to  write  any  other  com-
ments you  may  have  on  the  PACS  system.
DEMOGRAPHICS
8.  Years  in  practice:
• under  2  years
• 2 to  5
• 6 to  10
• 11  to  15
• 16  to  20
• 21  to  25
• over  25
9. Nationality:
•  Saudi
•  Non  Saudi
0. Gender
•  Male
•  Female
1.  Age
•  Less  than  25
• 25—30
•  31—35
•  36—40
•  41—45
P
i
f region  721
oderately
isagree
Neutral  Moderately
Agree
Strongly
Agree
Not
Applicable
•  46—50
•  51—55
Thank  you  for  taking  the  time  to  complete
his survey.
ppendix B. PACS OPINION SURVEY:
ADIOLOGISTS
 am  a graduate  student  at  the  College  of  Medicine,
ing  Saud  University,  Riyadh,  Saudi  Arabia,  study-
ng for  a  Master  in  Health  Informatics.  Part  of
y Degree  requirement  is  to  conduct  a research
roject. In  this  research,  we  will  evaluate  the  qual-
ty of  Picture  Archiving  and  Communication  System
PACS) in  Riyadh’s  hospitals.
As a user  of  PACS,  your  opinion  on  PACS
ould be  greatly  appreciated  in  the  PACS  Opinion
urvey. The  purpose  of  this  survey  is to  evalu-
te PACS  impact  on  image  access,  patient  care,
atient  transfers,  duplicate  tests,  productivity,
uality, etc.  The  results  should  help  to  develop
 national  view  of  the  state  of  the  diagnostic
maging environment  since  the  implementation  of
ACS.
Your participation  in  this  survey  is  voluntary;  all
nformation  will  be  kept  conﬁdential, used  just
or this  research.
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Your  e-mail  will  be  used  as  code  to  avoid  redun-
dancy in  the  result.
Principal Investigator:  Zainab  Majed  Alalawi
Co-Investigators:  Mr.  Monief  Mohamed  Eid
Supervisor:  Prof.  Ahmed  Albarrak
The average  time  to  ﬁnish  this  survey  approxi-
mately 5—10  minutes
.  Please  select  your  site:
• Prince  Salman  Hospital
• Alyamama  Hospital
•  Alimam  Abdulrahman  Alfaisal2. Your  email  please:
Strongly
Disagree
Modera
Disagre
a)  PACS  has  reduced  the  time  I  spend
locating  exams  for  review.
b)  I  access  prior  exams  more
frequently  with  PACS  than  I  did  with
ﬁlm.
c)  I  believe  that  report  turnaround
time  has  improved  because  of  PACS.
d)  I  believe  that  PACS  tools  and
functionality  improve  the  quality  of
my  report.
e) PACS  has  improved  the  quality  of
patient  management  rounds  that  I
participate  in.
f)  Since  the  implementation  of  PACS
the  number  of  face-to-face
consultations  I  have  with
physiciansand  other  radiologists  has
decreased.
g)  Since  the  implementation  of  PACS
the  number  of  phone  (or  other)
consultations  have  with  physicians
and  other  radiologists  has
increased.
h)  PACS  has  reduced  my  professional
travel  time.
j)  PACS  has  improved  medical
student/radiology  resident
teaching.Z.M.  Alalawi  et  al.
USAGE  AND  BENEFITS
.  Where  do  you  access  the  PACS  system?  (Please
check all  that  apply)
•  Diagnostic  Imaging  Department
• Private  ofﬁce
• Personal  Computer  (IPad—lap  top—smart
phone)
. Please  compare  to  a  ﬁlm-based  environment
when indicating  the  extent  to  which  you  agree  or
disagree  with  the  following  statements.  (Please
select  one  response  per  statement)
tely
e
Neutral  Moderately
Agree
Strongly
Agree
Not
Applicable
A adh
5
o
cssessment  of  PACS  at  three  of  MOH  hospitals  in  Riy
.  A)  Overall,  PACS  has  improved  my  reporting
and consultation  efﬁciency:  (Please  check  one
response)
• Increased
•  Decreased
•  Stayed  the  same
B) Please  comment  on  how  PACS  has  increased
r decreased  your  reporting  and  consultation  efﬁ-
iency.
6
Strongly
Disagree
h)  PACS  meets  your  expectations  for  patient  care
delivery.
i)  PACS  is  improving  the  patient  care  delivery.
j)  PACS  is  improving  patient  satisfaction  and
quality  of  care.
k) PACS  is  reducing  the  costs.
l)  PACS  helps  to  share  information.
m)  PACS  helps  to  reduce  medical  errors.
n)  PACS  improves  overall  quality.
7
Strongly
Disagree
1.  PACS  produces  inadequate  image  quality  on
the  remote  Web  (e.g.  from  home).
2.  PACS  produces  inadequate  image  quality  on
the  workstation.
3. PACS  provides  inadequate  functionality  on  the
remote  Web.
4.  PACS  produces  inadequate  functionality  on
the  workstation.
5. I  have  difﬁculty  ﬁnding  images  in  PACS  when  I
need  them.
6.  I  experience  inadequate  remote  Web
performance  (speed).
7.  I  experience  inadequate  Workstation
performance  (speed).
8.  I  experience  inadequate  access  to  PACS
viewing  stations
9.  I  have  difﬁculty  logging  on  to  the  System.
10.  PACS  downtime  is  higher  than  acceptable.
11.  I received  insufﬁcient  training  in  the  new
technology.
12.  I experience  a  lack  of  availability  of  system
support.
13.  The  implementation/installation  from  ﬁlm  to
PACS  was  well  managed.
14.  The  workﬂow  is  completely  paperless  and
ﬁlmless  after  implementation  of  PACS. region  723
Patient  Care  Delivery
.  Please  indicate  the  extent  to  which  you  agree  or
disagree with  the  following  statements.  (Please
select one  response  per  statement)
Moderately
Disagree
Neutral  Moderately
Agree
Strongly
Agree
Not
Applicable
Perceived  Challenges  of  PACS
. Please  indicate  the  extent  to  which  you  agree  or
disagree  with  the  following  statements.  (Please
select  one  response  per  statement)
Moderately
Disagree
Neutral  Moderately
Agree
Strongly
Agree
Not
Applicable
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tem implementation in radiology department radiology
staff acceptance of PACS in a Saudi Arabian Hospital,
Oxford; 2009.724  
8.  Please  use  this  space  to  write  any  other  com-
ments you  may  have  on  the  PACS  system.
DEMOGRAPHICS
9.  Years  in  practice:
o under  2  years
o 2  to  5
o 6  to  10
o 11  to  15
o 16  to  20
o 21  to  25
o over  25
10. Have  you  had  experience  with  PACS  prior  to  this
implementation  project?
o Yes
o  No
11.  PACS  Experience:
o Less  than  one  year
o  1—3  years
o 4—6  years
o More  than  6  years
12.  Nationality:
o  Saudi
o  Non  Saudi
13. Age
o  Less  than  25
o 25—30
o  31—35
o  36—40
o  41—45
o  46—50
o  51—55
14.  Gender
o  Male
o  Female
15.  Specialty
o  Residence
o  Radiologist
o  Consultant
Thank  you  for  taking  the  time  to  complete  this
survey.
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